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Background: Disruptions in epithelial barrier integrity and aberrant immune responses are 
fundamental to the pathogenesis of allergic diseases, representing critical targets for nutritional 
intervention. Specific postbiotics and plant-derived bioactive compounds have emerged as potent 
modulators of mucosal homeostasis. 

Methods: This study investigated the biological effects of a novel dietary formulation—comprising 
heat-inactivated Lacticaseibacillus rhamnosus GG, butyrate, quercetin, and Perilla frutescens 
extracts—on epithelial barrier function and innate immunity. Experiments were conducted using 
differentiated human Caco-2 enterocyte monolayers as a validated intestinal model. 

Results: Treatment with the multi-component formulation significantly enhanced epithelial barrier 
integrity, as demonstrated by increased transepithelial electrical resistance (TEER) and the 
upregulation of key tight junction proteins. These structural improvements were accompanied by 
enhanced mucus production and accelerated enterocyte differentiation. Furthermore, the 
formulation robustly stimulated the secretion of the antimicrobial peptides β-defensin-2 and LL-
37, signaling a potent activation of epithelial innate defense mechanisms. 

Conclusions: The integration of postbiotics and botanical extracts exerts a synergistic effect on 
intestinal epithelial cells, reinforcing both the physical and immunological dimensions of the gut 
barrier. These findings provide a mechanistic rationale for using this formulation as a functional 
food strategy to restore mucosal homeostasis and promote immunological tolerance in allergic 
conditions. 
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